Improving skills for accessing and utilizing diet/nutrition information is important for preventing noncommunicable diseases and frailty among elderly people. With the rapidly increasing number of elderly people in the world, promoting nutrition literacy among them is a pivotal health policy for maintaining and promoting health. This article describes the barriers and catalysts of nutrition literacy among elderly Japanese people (aged 75 years). A cross-sectional analysis of the responses to a questionnaire administered to 678 study participants (men ¼ 347, women ¼ 331) was conducted. Logistic regression analysis revealed that more men had limited nutrition literacy than did women. After stratification by gender, the limited nutrition literacy group was associated with cognitive difficulty in men and women, visual impairment in men and hearing impairment in women. Lower education level and economic status were associated with limited nutrition literacy among women. Adjusted odds ratios (ORs) controlling for age, education level and economic status, as well as cognitive, visual and hearing function, indicated that informational support [OR ¼ 5.59, 95% confidence interval (95% CI) ¼ 1. 28 -24.49] and diet/nutrition information obtained from friends of the participants (OR ¼ 2.16, 95% CI ¼ 1.11 -4.20) were both associated with adequate nutrition literacy among men, whereas diet/nutrition information from health professionals (OR ¼ 3.96, 95% CI ¼ 1.97-7.95) had a significant relation with adequate nutrition literacy among women. Moreover, in the adequate nutrition literacy group, men were more likely to be overweight (OR ¼ 2.17, 95% CI ¼ 1.20-3.91). These findings suggested that cognitive and sensory functions should be taken into account when diet information is provided to older adults. Enhancement of social networks is also a key point in improving nutrition literacy. An effective intervention to improve nutrition literacy in elderly people, particular old men, warrants further investigation.
INTRODUCTION
Owing to the increasing number of lifestylerelated chronic diseases, promoting healthy dietary habits is a key element in any health promotion programme. Diet and nutrition information can be easily accessed through various resources (McKay et al., 2006) and people can select their own foods from many choices. At the same time, individuals are required to assume more responsibility for the self-management of their health and wellness and to make informed choices about their health (Bernhardt et al., 2005) . As a result, the Japanese government enacted a basic law on food education (Shokuiku) to improve knowledge and skills related to making appropriate food choices and practicing a healthy diet (MAFF, 2005) . Health literacy on diet (nutrition literacy) can be of central importance to food education programmes and a key element to promoting healthy dietary habits as well as promoting general health (Yajima et al., 2001) .
Nutrition literacy may be defined as the degree to which people have the ability to obtain, process and understand basic diet information and the tools needed to make appropriate nutrition decisions. Nutrition literacy is similar to the definition of health literacy (USDHHS, 2000) , with the qualification that the definition is nutrition specific (Silk et al., 2008; Zoellner et al., 2009) . Outcomes of the improvement of health literacy include development of health knowledge and a greater understanding of health determinants as well as increased self-efficacy in relation to a defined task (Nutbeam, 2000) . In the same way, nutrition literacy can be a skill-based process that individuals can use to identify and transform dietary messages into knowledge. Generally, people who have adequate knowledge of nutrition make healthy food choices (Parmenter et al., 2000) . Thus, nutrition literacy is integral to increasing dietary knowledge as well as promoting healthy dietary habits.
Dietary guidelines are one of the key instruments to coordinate healthful dietary messages; therefore, many countries have established dietary guidelines to achieve nutritional goals (WHO, 1999) . The Japanese government established the 'Dietary Guidelines for Japanese' in 2000. Although the national media and public service actively publicized the dietary guidelines, only 2.5% of adults were aware of these guidelines (Information Service Center for Food and Foodways, 2005) . Hence, public awareness and understanding of diet information should be encouraged. Particular attention must be given to the dietary information provided to elderly people because the burden of non-communicable diseases is generally greater in the older age groups than in the younger age groups. Moreover, associated body compositional disorders with loss of lean and bone mass contribute to older people's frailty (WHO, 1999) . Although nutrient and food component density should improve with advancing years, dietary variety has declined among elderly people (Kwon et al., 2006) .
Although the association between nutrition literacy and diet-related health outcomes has not been studied in depth, various studies report that individuals with limited health literacy have less health knowledge and make less use of preventive health services. Consequently, limited health literacy contributes to poor physical and mental health and even mortality, leading to higher medical costs (Weiss and Palmer, 2004; Howard et al., 2005; Wolf et al., 2005; Baker et al., 2007) . Moreover, poor nutrition status among elderly people is associated with high care needs and increased long-term care costs (Izawa et al., 2006; Higashiguchi et al., 2008) .
To promote health status and decrease health care costs, targeted efforts to improve nutrition literacy among elderly people are important, particularly in light of aging of the global population. In Japan, demographic trends have shifted drastically toward the aged populations. Around 10% of the population was aged above 75 years in 2008, and the population of these age groups has been increasing (Health and Welfare Statistics Association, 2009). At the same time, medical care costs for the geriatric population are staggering; 33.5% of the total medical expenses were attributed to patients over 75 years of age in (MHLW, 2010 . Poor health literacy is more common among older adults even after controlling for their cognitive function (Baker et al., 2000) . A study about the reading ability of older patients reported that older adults generally have more difficulty reading written health information than younger adults (Jackson et al., 1994) . Effective health education for promoting nutrition literacy among elderly people is required. However, research and clinical approaches to nutrition literacy targeting elderly people are few.
The objectives of the present study were as follows: (i) assessment of nutrition literacy among individuals more than 75 years old living in a Japanese community, (ii) examination of the barriers and catalysts of nutrition literacy and (iii) examination of the association between nutrition literacy and self-rated health and nutritional status.
METHODS

Study population
The Japanese health insurance system instituted a new medical insurance for the elderly aged over 75 years (medical insurance for old-old 422 Y. Aihara and J. Minai people) in 2008. This study included people living in Odawara City, Kanagawa prefecture, Japan, who registered for this insurance between April 2008 and March 2009. Thus, the study population encompassed people 75 years old that moved to Odawara City from another area or became 75 years old during this period. This study was conducted between August 2009 and March 2010. In total, 1913 people were identified as members of the study population. The content of the study was explained to the candidate participants with written information, and 1100 people agreed to participate in this survey. Self-administered questionnaires were posted to study participants and 687 participants responded (respondent rate ¼ 62.5%). Of these, the participants who failed to answer any one of the nutrition literacy questions were excluded. Finally, the responses of 678 participants were eligible for analysis. This study was approved by the ethics committee of the International University of Health and Welfare.
Measurements
Nutrition literacy
Nutrition literacy was assessed in terms of the ability to obtain basic diet information, specifically the participant's knowledge of the contents of the 'Japanese Food Guide Spinning Top', which is an illustrated nutritional chart and easy-to-understand tool, and the 'Dietary Guidelines for Japanese ' (MAFF, 2005) . Recommended daily servings are clearly shown for each category of Japanese traditional food. The nutrition literacy measurement scale has not yet been standardized for the Japanese; therefore, the questions on nutrition literacy were developed based on these guides and included 10 items about recommended dietary habits such as (i) eating 30 items of food everyday; (ii) consuming ,10 g (around 1.5 tablespoons) of salt daily; (iii) using vegetable oil rather than animal fat; (iv) eating four small bowls of grain (e.g. rice, bread or noodles) daily; (v) calculating calories based on one's own activity level and weight; (vi) consuming 200 ml of milk products daily; (vii) eating 350 g (five small dishes) of vegetables daily; (viii) eating 200 mg of fruit (e.g. two averagesized mandarin oranges) daily; (ix) drinking 1.5 l of water daily; and (x) taking at least 30 min to eat every meal. Literacy was measured by 'I do know (1 point)' or 'I do not know (0 points)'. The aggregate score of nutrition literacy ranged from 0 to 10. Cronbach's alpha coefficient for nutrition literacy among study participants was adequately high (0.86).
Independent variables
The independent variables for nutrition literacy were education level, economic status, household type, social support, social network (good relationship with neighbours and working status) and diet/nutrition informational resources. Social support included five functions of received support based on the literaturesinstrumental support, validation, informational support, emotional support and companionship support (Wills and Shinar, 2000) -and the questions of social support were asked on the basis of an empirical study (Nishimura, 2004) . Each social support question was scored in accordance with whether the participant received support (1 point) or not (0 points). Diet/nutrition informational resources were selected from a list of resources such as television, radio, newspaper, books/magazines, family members, friends, health professionals (e.g. physicians, nurses and dieticians) and the Internet.
Cognitive function and sensory impairments, such as visual and hearing impairments, were also surveyed because these parameters may be associated with accessibility and utilization of diet/nutrition information. Cognitive function was measured on the basis of 25 items constituting a comprehensive functional checklist for elderly people, which are used by the MHLW. Of the 25 items, three dichotomized questions were considered for the assessment of cognitive function, and respondents scoring more than one point on these questions were considered to have cognitive difficulties. Visual and hearing impairments were assessed on the basis of whether the participant had been diagnosed with any diseases related to vision and/or hearing.
Self-rated health and nutritional status Self-rated health was applied to assess the health status of the participants because this parameter is the most commonly used validated indicator of health (Idler and Benyamini, 1997) . Self-rated health was rated on a four-point scale as 'very good', 'good', 'poor' or 'very poor'.
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Nutritional status was assessed using the body mass index [BMI: weight (kg)/height (m) 2 ]. According to the WHO Asia-Pacific guidelines (WHO, 2000) , BMI was used to categorize participants as underweight (BMI , 18.5), normal weight (BMI ¼ 18.5 -24.9) or overweight (BMI 25).
Analytical method
Nutrition literacy was divided into 'adequate nutrition literacy (literacy score ¼ 10)' and 'limited nutrition literacy (literacy score , 10)' because no normal distribution was illustrated. First, x 2 tests and Pearson correlation coefficients were applied to test the univariate relationship between the independent variables and nutrition literacy. Second, independent variables that significantly correlated to nutrition literacy by x 2 tests or Pearson correlation coefficients were entered into univariate logistic regression analysis to determine the crude odds ratio (OR) of nutrition literacy. Then, multivariate logistic regression analysis with adjustments for age, education level, economic status, cognitive difficulty and visual and hearing impairment were carried out to assess the factors related to nutrition literacy. In consideration of the psychological bias on self-rated health, mental health status (whether the participants had any history of mental health problems) was also added as a confounding factor in the analysis of the relationship between self-rated health and nutrition literacy. Statistical tests (twotailed, p , 0.05) were performed separately for men and women, because according to a survey about dietary guidelines for the Japanese, women have greater knowledge of the guidelines than men (Information Service Center for Food and Foodways, 2005) . All the analyses were performed using the SPSS 16.0 statistical program (SPSS Inc., Chicago, IL, USA).
RESULTS
Participants' characteristics and univariate relationship with nutrition literacy
The mean age of the study participants [347 (51.2%) men and 331 (48.8%) women] was 75.83 (SD ¼ 2.06) years. Approximately 30% of the study participants had adequate nutrition literacy (men: n ¼ 87, 25.0%, women: n ¼ 121, 36.6%). More men had limited nutrition literacy than did women ( p ¼ 0.002).
Around 30% of the participants had completed equal to or less than the compulsory number of years education in Japan (9 years), and about 40% of the participants answered that their economic status was poor. Almost 90% of the participants received social support. The most common diet/nutrition information resource among the participants was television (79.8%), followed by newspapers (57.8%) and books/magazines (41.4%). x 2 tests showed that those with adequate nutrition literacy significantly differed by gender, education level, economic status, social supports, cognitive and sensory functions and self-rated health, but not by BMI among all the participants. Gender differences are shown in the related factors of nutrition literacy (Table 1) . 
Univariate analysis
DISCUSSION
The results of this study indicate three major findings. First, more women demonstrated adequate nutrition literacy when compared with men. Secondly, low education level, low economic status, the presence of cognitive difficulty and visual and hearing impairment were barriers of nutrition literacy among elderly Japanese. Thirdly, informational support improved the factors of nutrition literacy for elderly men, and specific diet/nutrition informational resources were related to adequate nutrition literacy. The study also found that those related variables differed in men and women. Improving nutrition literacy is particularly required for elderly people because dietary quality is an important contributor to their health, daily activities and quality of life (Kant et al., 1993; Osler and Schroll, 1997 ). An empirical study reported lower health literacy in older 426 Y. Aihara and J. Minai people than in younger people (Baker et al., 2000) . In this study, around 30% of study participants demonstrated adequate nutrition literacy. According to a survey about the dietary guidelines for the Japanese and food education, only 2.5% of the adult population (aged 20 -69 years) had knowledge of the contents of guidelines and 19.6% of the population had knowledge about national food education (Information Service Center for Food and Foodways, 2005) . Few surveys have been conducted about nutrition literacy among elderly people. Thus, we cannot conclude that nutrition literacy among this study's participants was higher than that among other age groups.
In this study, findings about the factors related to nutrition literacy among elderly people indicated that it is important to improve nutrition literacy among elderly men. Women aged 60-69 are generally more aware of the guidelines issued by the Japanese government than other age groups (Information Service Center for Food and Foodways, 2005) . Women are largely devoted to domestic duties in households, including food purchasing, meal choice and meal preparation (Bittman, 1995) . Although men generally tend to rely on women to select foods and cook, men's knowledge and skills regarding diet/nutrition need improvement owing to changing family units. Approximately half of this study's participants lived alone or with other elderly people (age 65 years). In 2008, 22.0% of people aged 65 years reported that they lived alone, and 29.7% reported that they lived with their spouses. Moreover, the proportion of elderly people living alone has tripled during the past two decades (Health and Welfare Statistics Association, 2009). Therefore, the development of an effective programme for improving nutrition literacy of elderly men warrants future study.
The present study indicated that there were several barriers of nutrition literacy among elderly Japanese. Cognitive, visual and hearing functions decrease with age, and these functions are related to accessing and understanding health information. This study found that cognitive difficulty was inversely related to nutrition Barriers and catalysts of nutrition literacy 427 literacy in both men and women. On the other hand, visual impairment demonstrated a relationship with the limited nutrition literacy of men only, while hearing impairment had a relationship with the limited nutrition literacy of women only. Several studies indicated that gender differences play a role in the relationship between sensory function and health status. These studies report that hearing impairments increase mortality or depression only among elderly men, while visual impairments are related to mortality in both men and women (Appollonio et al., 1995; Harada et al., 2008; Michikawa et al., 2009) . Although the mechanisms of how gender differences influence the effect of sensory functions on nutrition literacy are not clear, the gender-specific social roles typical in elderly Japanese may provide an explanation. Japanese women are more involved in the local community activities when compared with men (Okamoto et al., 2006) . Thus, communication problems with others may influence the ability to access health information among women. On the other hand, studies about visual function report that decreasing near vision is significantly more common in men than in women (Laitinen et al., 2005) . Visual impairment may prevent access to diet/nutrition information in men. Sensory impairment and its association with gender differences and nutrition literacy should be taken into account.
Persons with limited education and low economic status have high rates of limited functional health literacy, which can affect dietary knowledge (Parmenter et al., 2000) . Similar relationships were found in this study, but only among women. Limited education is related to general literacy, such as understanding written words and numerical data. Similarly, lower nutrition literacy is related to lower education levels, which are related to lower socioeconomic, psychosocial and behavioural status (Schrijvers et al., 1999; Van Oort et al., 2005; Ball et al., 2006; Karter et al., 2007) . Due to the cultural background of the participants, women were less likely to attend college or university than men. The present study found that 16.9% of the female participants had over 13 years of education attendance, while 36.1% of male participants had the same. Thus, it can be assumed that more than 13 years of education could lead to significantly adequate nutrition literacy among elderly women. Also, lower economic status was associated with limited nutrition literacy only among women. Low economic status may cause difficulty in understanding standard informed consent documents, and it relates to lower health literacy . In addition, since women have a key role in purchasing foods, concern exists regarding lowincome families' limited propensity to purchase healthy foods (Turrell and Kavanagh, 2006; Inglis et al., 2008) .
Dietary informational resources are important factors for promoting nutrition literacy among elderly people. A survey of dietary guidelines for Japanese reports that 57% of subjects aged 60-69 received dietary information through newspapers, while 49.5% receive the information from the television (Information Service Center for Food and Foodways, 2005) . In this study, 80% of the study participants received diet and nutritional information from television, whereas 58% received this information from newspapers. Health information from the mass media is important because trust in mass media is significantly related to subjective health status among the Asian population (Tokuda et al., 2009) . For improving nutrition literacy, our study showed that books/magazines were key informational resources for elderly people. Regarding gender differences, men were more likely to rely on their friends for dietary information, whereas women were more likely to rely on information from health professionals. In addition, informational support was positively related to nutrition literacy among the male study participants. A study in the USA showed that men are more influenced by mass media or a physician, while women are more influenced by friends/relatives regarding following a recommended diet (McIntosh et al., 1995) . Our results differed from these studies. In the Japanese society, old men tend to withdraw from social activities after retirement (Takahashi et al., 2003) . As such, informational support is important for enhancing health care access (Suarez et al., 1994; Maly et al., 2003) . Health information from family members and friends provides sustainable informational resources for persons with low literacy (Macario et al., 1998) . Hence, our study suggests that enhancing social networks for men and enhancing the role of health professionals for women are key factors for promoting nutrition literacy in elderly people.
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Improving health literacy contributes to good health status (Weiss et al., 1992; Schillinger et al., 2002; Ishikawa et al., 2008) . Our study showed that an adequate nutrition literacy score was independently associated with good selfrated health. This study was a cross-sectional study; thus, the mechanism of linkage between nutrition literacy and self-rated health was not clear. One possible interpretation is that elderly people who receive more dietary information tend to follow the recommended diet, and consequently, report their own health status as very good. In addition, overweight men had higher nutrition literacy than normal weight men among the study participants. The relationship between educational level and BMI varies in Asian countries. Hu et al. (Hu et al., 2002) found that individuals with higher levels of education tend to be overweight among both men and women in China. Other studies have shown that women with higher education tend to have lower BMI among Japanese adults, and no statistical relationship was found to exist between education level and BMI among Korean adults (Anzai et al., 2000; Yoon et al, 2006) . BMI is influenced by not only the literacy level, but also by other lifestyle factors. The present study did not examine the relationship between lifestyle factors and BMI. In addition, both health status and BMI were assessed with subjective reports. Thus, cohort studies and objective measurement of health status and nutritional status are needed to examine the effect of nutrition literacy on the health and nutritional status of elderly people.
There are various other limitations of this study. First, our measurement of nutrition literacy was based on self-administered questionnaires, and the validity of this scale was not examined. In addition, nutrition literacy was measured on the basis of whether the participants had knowledge of the contents of the dietary guidelines. This scale may not have accurately measured the nutrition literacy of the participants. Although standardized measurements of functional health literacy exist, such as Rapid Estimate of Adult Literacy in Medicine (Davis et al., 1991) or the Test of Functional Health Literacy in Adults , these measurements are only available for English or Spanish speakers. In Japan, we do not have a standardized health literacy measurement. Thus, a standard health literacy scale as well as a scale of nutrition literacy should be explored in further studies. Second, our study sample was not wholly representative of the elderly population. Only 1.5% of the study participants reported having only a primary school level education (6 years). Although Japanese people are unlikely to have basic literacy problem, the bias of general literacy level may be reflected in the response rate in this study. Third, in designing tools and programmes to improve nutrition literacy among elderly people, cognitive function should be taken into account. Baker et al. (Baker et al., 2002) indicate that health literacy is associated with the Mini-Mental State Examination. In our study, cognitive function was assessed using a selfadministered questionnaire that comprised three dichotomized questions. These questions can screen only the possibility of cognitive difficulties in elderly people. Visual and hearing functions also declining with age and these functions influence information accessibility. To better understand the relationship between cognitive and sensory functions and nutrition literacy among elderly people, objective assessment scales should be used to screen cognitive and sensory functions.
In conclusion, male gender, lower education level and lower economic status were associated with limited nutrition literacy among elderly Japanese people. Our study suggested that when engaging in health education for the elderly, educational and economic background as well as cognitive and sensory functions should be considered. The development of effective dietary education tools, particularly for old men also requires further study. Improvement of the quality of information, advice from health professionals and enhancement of social networks are also important.
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